We are interested in understanding the fluid flow generated by an array of rotating monocilia in the node. In order to create our model we start with the Navier-Stokes and continuity equations which describe the motion of a viscous incompressible fluid. These equations are
where ρ is the fluid density, p the pressure, u is the velocity, ν is the viscosity, and f is the external force.
For a steady (time-independent) flow the first partial derivative vanishes. The character of a steady viscous flow depends strongly on the relative magnitudes of the terms (u · ∇)u and ν∇ 2 u in the equation of motion. In order to compare them, we must put the equation into a dimensionless form. To do this, we redefine the variables u, t, p, and f , dividing them by a characteristic scale length L of the flow, a characteristic velocity U , a characteristic pressure P , and a characteristic force F . The Navier-Stokes equation then reads
where Re, the Reynolds number, is the relative importance of inertial to viscous forces in the flow:
When we are at low Reynolds numbers, Re < 1, which, as is pointed in the Letter, is the case in the node, viscosity dominates inertia, and we can neglect the inertial force. Under this condition, known as creeping flow, the Navier-Stokes equation can be reduced to the Stokes equation
An important point for our model is that the Stokes equation is a linear equation in u, so we have many mathematical tools with which to solve it. This means that if u 1 and u 2 are two velocity fields that satisfy the equation, a superposition of them is also a solution. So one can try to find simple solutions of the Stokes equation, and then using its linear property, one can describe a more complex situation as a superposition of the simple solutions. With this idea, one can solve the Stokes equation for a point force f (x) = δ(x) e f using Fourier transforms and Green's theorem [2, 5, 8] . Then, any situation where there is some phenomenon which could be modelled as a collection of point forces may be solved directly as an appropriate combination of these point force solutions. The point force solution is named a Stokeslet [12, 8] . Some related flows fields may be constructed from the original point-force flow field. For example, any gradient of the original solution is a solution to the problem associated with the gradient of the original force. These gradients are dipoles, quadrupoles, etc. Moreover, the solution of the Stokes equation with a point-torque force term can be constructed from the Stokeslet model. This solution represents the flow produced by a rotating sphere in the limit that its radius vanishes while keeping the angular velocity constant, and is named a rotlet [7, 8] .
As the monocilia lining the floor of the node rotate, each one produces a vortex about itself in the flow. Each cilial vortex can then be modelled by a rotlet given by
where L is the applied torque, x = (x, y, z) the coordinate in three dimensional space, and r = x 2 + y 2 + z 2 the distance from the origin. We integrated the equation of motion of a fluid element following the flow generated by a rotleṫ x = u, with u given by Eq. 4. We first took the torque perpendicular to the node floor (assumed to be the xy plane) thus modelling a vertical cilium located at the origin and rotating with L = (0, 0, L). We plotted the resulting trajectories for different initial conditions in Fig. 2a of the paper. We then modelled an array of rotating monocilia by an array of N rotlets distributed on the xy plane. The resulting velocity field is simply the sum of the N different u i generated by the rotlets, from the linear property of the Stokes equation discussed above
We integrated once more the equation of motion for a fluid element and plotted the trajectories in Figs (2b-2d) . In Fig. 2b and Fig. 2c , the cilia are rotating with vertical axes as in Fig. 2a , but now distributed in a rectangular or a triangular array respectively. One hundred initial conditions are used and the torque has been taken to be equal for each rotlet. In Fig. 2d , a rectangular array is used again, but now, the rotlets are inclined at an angle α to the vertical towards the posterior direction y, in such a way that the respective torque is given by L = (0, −L · sin α, L · cos α). In each case one trajectory is highlighted in a different colour in the figures for better visualization purposes. In the supplementary figure here we plot just the xy plane for four different values of α increasing from 0 to 24 o . As mentioned in the paper, we see exactly the same behaviour as seen in experiments on Inv mutant mice embryos. How good is our approximation? We model the flow induced by a rotating cilium as a vortex, as if instead of the cylindrical paddle that is a cilum, there were an infinitesimal sphere rotating in its place. This is a good approximation to the induced flow, especially at the low Reynolds numbers present in the node, where there are no inertial effects. A further step would be to model each cilium in detail, an approach which requires a supercomputer. It has been done for 9+2 beating cilia [9] , and the numerical simulations in that work support the hypothesis that nothing essential is left out in the simpler model we use here.
In the hierarchy of possible models for the nodal flow, our aim has been to choose to use that one with the minimal complexity necessary to explain the observations. It is possible to conceive of simpler flow models -toy models, which are not solutions of the Navier-Stokes equations, but just caricatures of them. We have fruitfully used such models in our work in other circumstances [1, 6] . Such toy models cannot however be easily adapted to the present instance -they are two-dimensional models, and similar ideas in three dimensions that respect all the flow requirements are much harder to construct -and in any case are unsatisfactory when it is possible to use a model which does represent a solution of the fluid equations, as we do here.
There are many people working on microbial swimming [13] , which, as it involves cilia or flagella, is a related problem to this one. But some of the modelling approaches that have proved useful for beating 9+2 cilia or flagella [4, 10, 11] are not transferrable to the present problem with rotating 9+0 cilia. Others require supercomputer computations to model at the level of an individual cilium [9] , and so would be prohibitively expensive for modelling an array of cilia. In any case, while 9+2 cilia change their shape during beating (imagine a whip being cracked to and fro), videos of in vivo 9+0 cilia show that they maintain the same configuration and rotate rather than beating.
On the other hand Stokeslets and rotlets have been developed [12, 2, 7, 8] . This approach, models the effects of point forces in a fluid. It was developed with microbial swimming in mind [5] . Lately, it has been used to model chaotic advection [14] , and another application to biological problems is a model of the filter feeding mechanism in bivalve molluscs constructed with Stokeslets [3] . As much of biological fluid dynamics is at the microscale -at low Reynolds numbers [15] -we anticipate that this approach will prove to have many more fruitful biological applications.
